Current forecasts suggest that the vast majority of growth in energy demand will come from the developing world, and that China will play a major part in that growth. This paper presents evidence suggesting that the shape of the income distribution, which is typically omitted from forecasting models, plays a major role in driving household acquisition of energy-using durable goods in rural China. We use province-level data for rural households to show that the share of the population living above the poverty line is an important determinant of household appliance holdings even controlling for average household income.
Introduction
Energy demand in China has grown at an alarming rate over the past fifteen years. In 1995, the Chinese economy consumed 33 quadrillion Btus of energy, and by 2011, that number had more than tripled to 110 quadrillion Btus (EIA, 2013) . China emitted more greenhouse gases than the U.S. beginning in 2006 and consumed more total energy than the U.S. beginning in 2009. Though forecasts vary about how quickly China's energy demand will grow in the future, even at half of the recent rate, China's energy use would double in 18 years.
Existing forecasting models appear to have underestimated China's recent growth in energy demand. For example, in its 2000 International Energy Outlook, the Energy Information Administration of the U.S. Department of Energy predicted that China would consume 55 quadrillion Btus of energy in 2005, just 5 years later. China's actual consumption was nearly 25 percent higher, at 68 quadrillion Btus. Similarly, some academics have noted that one factor contributing to the spike in oil prices in 2008 was higher than expected demand for oil from China (Hamilton, 2013) .
It is important to understand factors that drive energy demand in China in order to improve forecasts and to evaluate policies that might alter the path of energy consumption. Given the level of central planning in the country, a first-order question is how well neoclassical models of household-or firm-level energy consumption apply to China.
In this paper, we focus on residential energy consumption and investigate how income growth, particularly among households close to the bottom of the income distribution, affects adoption of energy-using consumer durables. Consumers in urban China have recently acquired energy-using assets at an alarming rate. For example, there were 8 air conditioning units for every 100 households in 1995, and by 2009, there were 106 units for every 100 households (Auffhammer, 2014) . Similarly, vehicle ownership in urban China has risen at almost 40 percent per year between 2000 and 2010, helping fuel China's rapid growth in oil consumption (see Data Appendix).
A previous literature has documented an S-shaped relationship between household income or expenditure level and ownership of appliances, cars and other energy-using assets (e.g. McNeil and Letschert, 2010) . The S-shape is consistent with decision-making in which households at very low levels of income do not allocate additional income to acquire energyusing assets, but past a certain threshold, households become much more likely to use income gains to acquire refrigerators, cars or electric water heaters (Gertler, Shelef, Wolfram and Fuchs, 2013) . This paper explores behavior consistent with the S-shape in China. We combine province-level data on rural appliance penetration between 1998 and 2009 with provincelevel data on income distributions over the same time period. We use across and within province variation to investigate the relationship between poverty rates and residential energy consumption, controlling for the average consumption expenditure.
1 In spite of tremendous overall reductions, China's poverty alleviation has been uneven, so we observe reasonable variation in income distributions across provinces and over time.
We find that, controlling for mean per capita consumption expenditure, in provinces with a higher fraction of the population with incomes above 3,000 RMB per year, the number of appliances per household is higher. In other words, consider two hypothetical income distributions such as the chi-squared and normal distributions drawn in Figure 1 . Both have the same mean and variance, but the chi-squared distribution represents fewer people living in extreme poverty, for example below a hypothetical income level of 7.5. Our findings suggest that a province with the chi-squared distribution will have a greater share of households that own basic energy-using appliances, such as refrigerators. Our suggestive results are large in magnitude, indicating that increasing the share of the population living above 3,000 RMB per year by one standard deviation has as large an impact, in most specifications, as increasing province-level mean per capita consumption expenditure by one standard deviation.
Our findings have implications for understanding future growth in appliance owner-ship in China. While appliance adoption has been rapid in urban China, many more urban and rural households are poised to enter the middle class and begin acquiring energy-using assets. Also, other developing countries are similarly bringing households out of poverty and into the middle class.
While home appliances are a small part of overall energy demand, they are representative of the step-change in energy use that households experience as they enter middle-class life and, for instance, use well-lighted, paved roads, pumped water, and other government services, plus purchase processed food and other manufactured consumer goods. Existing energy forecasts generally model economic growth as an important driver, but do not reflect income distributions. While more work is clearly necessary, our findings suggest that this could be an important omission.
Related Literature
As noted above, China's energy use has soared recently. Industry is by far the largest sector, accounting for 55 percent of overall demand in 2010. Transportation is the fastest growing sector and in 2010 accounted for 15 percent of demand, up from 8 percent in 1995.
Non-transportation residential consumption accounts for 12 percent of total demand and commercial, agricultural and other sectors account for the remaining 18 percent. There is an extensive literature analyzing China's energy consumption. Zhao, Li and Ma (2012) provide a thorough and recent review. Many of the studies focus on the industrial sector, and those that examine the residential sector are primarily case studies. At least one other paper emphasizes the role of income in explaining the growth in rural commercial energy consumption (Yao, Chen and Li, 2012) , although the paper only considers average per capita income.
Several papers have described the S-shape using micro data from outside China.
Gertler, Shelef, Wolfram and Fuchs (2013) develop a simple, two-period model that demonstrates how the presence of credit constraints accentuates the nonlinear relationship implied by the S-shape. They also use exogenous shifts in household income from the Mexican conditional cash transfer program, Oportunidades, to confirm that the patterns consistent with the S-shape appear in micro data.
While the S-shape suggests that energy demand growth may be different depending on which households in the income distributions are the beneficiaries of growth, most existing forecast models appear to ignore income distributions. Our own discussions with leading energy modelers suggest that, while there are some early plans to incorporate within-country income distributions into some large scale models, current models rely on average incomes at best broken out by urban versus rural consumers.
Our paper is also related to the sizeable macroeconomic literature that relates economic growth to income inequality. Researchers have noted that income distributions are usually skewed, but that the degree of skewness has varied across countries and over time.
The early literature on the Kuznets curve tried to dissect some of that variation, finding that up to a certain point, growth leads to increased income inequality, but continued growth leads to lower levels of income inequality. As long as the compression in the income distribution involves changes at the bottom (and not only changes at the top), our results suggest that the relationship between energy use and growth in per capita GDP will vary as a function of where the country lies relative to the Kuznets curve.
Descriptive Statistics

Data
The Chinese National Bureau of Statistics conducts an annual rural and urban household survey. One section of the survey collects information on households' asset holdings. We many of which use energy, such as automobiles, motorcycles, and dishwashers. We focus our analysis on refrigerators, air conditioners, washing machines and televisions. All four appliances are reported consistently across years and provinces, although without information on the model types. Also, ownership rates of more expensive assets, like automobiles and motorcycles, remain low in some provinces, particularly among the rural population, which makes analyzing different adoption rates more sensitive to outliers or small differences. The survey asks about the number of appliances of each type for a given household. This allows penetration rates that can be greater than one if a household has multiple devices of a given type.
Our analysis also requires province-level data on the shape of income distributions, as well as data on average per capita consumption expenditure. Information on average per capita income and consumption expenditure is available every year for both rural and urban households. However, the statistical yearbooks report data on income distributions differently for urban and rural residents. For rural residents, the yearbooks report the share of the population within various income ranges. We were able to construct the share of the rural population with incomes below 3,000 RMB per year for 17 provinces across all years. For urban areas, the yearbooks report the average income within different percentile ranges, and frequently, the lowest range was too high to detect cross-province variation in the share of the population living in poverty. 
Patterns in Appliance Ownership
Income Distributions
Our analysis relies on cross-province and over-time variation in the shape of the income distribution. In other words, if every province had normally distributed incomes with the same variance, average per capita income would be a sufficient statistic for the province and we could not separately identify the impact of the share of people living above 3,000 RMB from the impact of differences in average income. The data suggest that provinces do have different income distributions. For example, in 2008, there were 4 provinces with mean per capita consumption between 3,100 and 3,350 RMB. The share of the population living below 3,000 RMB varied from 17 to 55.
Over time the share of households below our defined poverty threshold has declined by 5 percentage points per year, which is consistent with the well-documented transition out of poverty by Chinese rural households. The average per capita incomes have grown by 290 RMB per year, which is a 10% increase per year relative to the sample mean.
Econometric Model and Results
To investigate the relationship between income distributions and appliance ownership, we estimate several versions of a basic logistic diffusion curve. For each of the four appliances, we specify:
where Dif f it is the number of appliances per household in province i in year t. α is a constant, set equal to 1 for refrigerators and washing machines and 2.5 for televisions and air conditioners. Inc it is the average per capita consumption expenditure in province i in year t. Ineq it is the share of the population in province i in year t with incomes below 3,000 RMB per year. ε it is an error term, which contains either province (ε it = φ i + η it ) or year specific fixed effects (ε it = ψ t + ι it ). Year fixed effects, which control for shocks unobservable to the econometrician, capture changes in prices of the capital goods, electricity prices and inflation at the country level. Province fixed effects control for unobservables that are time invariant by province but common to all provinces.
The first four columns of Table (1) report results that include year fixed effects for the four types of devices considered in this paper and the second four columns report results that include province fixed effects. The results are qualitatively robust to the type of fixed effect included in the regressions. The coefficients on income are negative and significant in all but one regression. Due to the nature of the logistic specification, the negative coefficients imply positive income elasticities. The coefficients on the inequality/poverty measure are also all positive, as expected, and significant in all regressions except for one. Across the board these regressions indicate that higher average consumption expenditures and lower shares of poor households are consistent with a higher share of adopted appliances. In terms of magnitude one has to be careful when interpreting the coefficients separately. For the specification using TVs as the dependent variable, a one within province standard deviation increase in either variable corresponds to a 15% increase in adopted share. For refrigerators, a one standard deviation increase in household consumption expenditure corresponds to a 60% increase in adoption while a one standard deviation decrease in poor households corresponds to a 35% increase in adoption. It is of course important to note that changes in the income distribution would affect both variables and the nature of the shift in the distribution determines the overall effect.
An ideal specification would exploit the panel nature of the data while controlling for year-specific shocks and allowing for province-level heterogeneity (ε it = φ i + ψ t + γ it ).
With aggregate data over a relatively short time span, however, we are left with insufficient variation to estimate that specification precisely. We estimated specifications similar to those in the four right columns in Table ( 1) and included a variable measuring the average inflation rate indexed to 1998. All four coefficients on Ineq remain positive and two of the four remain statistically significant.
Conclusion
Existing projections suggest that the vast majority of the growth in energy demand will come from the developing world and that China will play a major part in this growth. This paper presents suggestive evidence that the shape of the income distribution, which is typically omitted from forecasting models, plays a major role in driving household acquisition of energy-using durable goods in rural Chinese provinces. The findings are consistent with previous work documenting an S-shaped relationship between household income and appliance acquisitions. While more work is necessary to link these findings to macro-level trends in energy consumption, the magnitude of our effects suggest that this is an important area for future research. 
